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ABSTRACT 

PURPOSE: To suppress disconnection in the through holes so as to enable 
electrical contact of both a source electrode and a drain electrode to be 
performed perfectly although both the source electrode and the drain 
electrode are thin, by making each of the internal surface of the through 
holes bored through insulating films covering a semiconductor film a slope. 

CONSTITUTION: In a field effect thin film transistor in which through holes 

7 are bored through both insulating films 4 and 6 covering a semiconductor 

film 3 to perform electrical contact of both a source electrode 8 and a 

drain electrode 9, each of the internal surfaces of the through holes 7 is 

made a slope. For example, a semiconductor film 2, impurity-doped 


semiconductor films 3, a gate insulating film 4, a gate electrode 5, and a 
protective insulating film 6 are respectively formed on an insulating 
substrate 1. And, two layers of the gate insulating film 4 and the 
protective insulating film 6 are patterned to bore the through holes 7 in 
which each of the internal surfaces is made a slope therethrough. 
Therefore, the source electrode 8 and the drain electrode 9 can 
electrically contact with the respective impurity-doped semiconductor films 
3 easily through the respective through holes 7. 
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Specification 

1. [Title of the Invention] 
THIN FILM TRANSISTOR 

2. [Scope of Claims] 

[Claim 1] A thin film transistor comprising a field effect thin film transistor, in which 
contact with a source electrode and a drain electrode is performed by making a through 


hole in an insulating film which covers a semiconductor film, 
wherein an edge face of the through hole is an inclined plane. 
[Claim 2] The thin film transistor according to claim 1, 

wherein the through hole passes through the insulating film and the semiconductor film, 
and 

wherein both edge faces of the insulating film and the semiconductor film are made to 
be inclined planes. 

[Claim 3] The thin film transistor according to claim 1 or 2, 

wherein the source electrode and the drain electrode are made to contact with an 

impurity-doped semiconductor film by the through holes. 

[Claim 4] The thin film transistor according to any one of claims 1 to 3, 

wherein an angle of the inclined plane is smaller than 45°. 

[Claim 5] The thin film transistor according to any one of claims 1 to 4, 

wherein the semiconductor film is a silicon film. 

[Claim 6] The thin film transistor according to claim 5, 

wherein the insulating film is a silicon oxynitride film. 

3. [Detailed Description of the Invention] 
[Industrial Field for the Invention] 

The present invention relates to a field effect type thin film transistor which is 
suitable for constituting an active matrix substrate. 

[Prior Art] 

In recent years, demand for the development of thin displays such as OA machine 


terminals or flat TVs is increasing. For one example, an active matrix liquid crystal 
display device has been developed remarkably, which has an active matrix substrate in 
which a plurality of row electrodes and a plurality of column electrodes are provided 
over a transparent insulating substrate and active elements such as a transistor are 
formed in the vicinity of intersections thereof per each pixel. 

Fig. 2 shows an equivalent circuit diagram of a typical example of this active 
matrix liquid crystal display device. 

In the drawing, reference numeral 21 denotes a liquid crystal layer; 22 denotes a 
capacitor for holding a voltage applied to the liquid crystal layer; and 23 denotes a 
transistor used as an active element for controlling a voltage to drive the liquid crystal 
layer. Here, XI, X2, X3 ... are row selecting lines (row electrodes) for controlling a 
gate of the transistor 23 and Yl, Y2, Y3 ... are column signal lines (column electrodes) 
for applying a voltage which is required to drive the liquid crystal to a source electrode, 
and are driven by a line sequential drive. 

Fig. 3 shows a cross section of example of a thin film transistor (TFT) used 
thereto. 

In the drawing, reference numeral 31 denotes an insulating substrate such as 
glass; 32 denotes a semiconductor film such as amorphous silicon, poly-silicon, single 
crystalline silicon, or CdSe; 33 denotes an impurity-doped semiconductor film in which 
an impurity is doped to a semiconductor film; 34 denotes a gate insulating film; 35 
denotes a gate electrode such as ITO, Sn0 2 , Al or Cr; 36 denotes a protective insulating 
film; 37 denotes a through hole for making contact with a source electrode and a drain 
electrode; 38 denotes a source electrode such as Al or Cr; and 39 denotes a drain 
electrode such as Al or Cr. 


In addition, in the case of using this TFT for a display device, the drain electrode 
of this TFT may be connected to a display pixel electrode such as In 2 03-Sn0 2 (ITO), 
SnOa, Al or Cr which is not shown in the drawing. 
[Problems to be Solved by the Invention] 

In this conventional TFT, since an edge face of a through hole is nearly vertical, it 
is required to use source and drain electrodes of which respective thicknesses are 
thicker than a depth of this through hole in order to have a perfect contact. 

That is, in order to have respective perfect conductive connections of the source 
electrode 36 and the drain electrode 39 with the impurity-doped semiconductor film 33, 
the source and the drain electrodes of which respective film thicknesses are thicker than 
a total thicknesses of the gate insulating film 34 and the protective insulating film 36 
are required to be used since the through hole passes through the gate insulating film 34 
and the protective insulating film 36, and thus there is a great risk of causing 
disconnection in this step portion. 

Consequently, it is preferable that the respective film thicknesses of the source 
and drain electrodes be thicker than a total film thickness of the gate insulating film 34 
and the protective insulating film 36, and more preferably, is formed to be a thicker by 
50% to 100%. 

On the other hand, the protective insulating film 36 is required in order to prevent 
a short-circuit between the gate electrode 35 and the source electrode 38 and the drain 
electrode 39, and consequently it is difficult to make the step itself of the through hole 
shallow. As a result, it is impossible to reduce respective film thicknesses of the 
source electrode and the drain electrode, and consequently, problems arise such that the 
processes are increased and the productivity is reduced. 
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Besides, a film such as 1T0 of which film thickness is not desired to be thick for 
transmittance is required to be thick, and consequently, problem arises such that display 
becomes dark and is tinged with yellow. 
[Means for Solving the Problems] 

In view of the foregoing, it is an object of the present invention to provide a thin 
film transistor in which contact with a source electrode and a drain electrode is 
performed by making a through hole in an insulating film which covers a semiconductor 
film in a field effect type thin film transistor, and an edge face of the through hole is an 
inclined plane. 

According to the present invention, since an inside surface of the through hole is 
an inclined plane, the conductive connection can be performed perfectly even if 
respective film thicknesses of source and drain electrodes are thin, and consequently 
disconnection at the through hole can be reduced. 

In the present invention, the inside surface of the through hole that is an edge face 
of the insulating film is an inclined plane in this through hole portion. In this case, 
when the insulating film has a two-layer structure such as an example mentioned later, 
an inside surface of the through hole of at least one insulating film is made to be an 
inclined plane, and more particularly it is preferable that both edge faces of the two 
insulating films be made to be inclined planes. Consequently, the step coverage of 
electrodes at the through hole portion is improved, the disconnection at the through hole 
is not easily caused even if a thickness of the electrode is not made to be extremely 
thick, and the yield is improved as well as the productivity is increased. 

Furthermore, when a shielding film is formed thereover, it is not required to make 
the insulating film and the shielding film remarkably thick. Thus favorable 
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productivity is obtained, further, problems such as short circuit or disconnection do not 
easily arise. 

Hereinafter, description is made with reference to the drawings. 
Fig. 1 shows a cross section of a typical example of a thin film transistor of the 
present invention. 

In Fig. 1, reference numeral 1 denotes an insulating substrate such as glass; 2 
denotes a semiconductor film such as amorphous silicon, polysilicon, single crystalline 
silicon, or CdSe; 3 denotes an impurity-doped semiconductor film in which an impurity 
is doped to a semiconductor film; 4 denotes a gate insulating film; 5 denotes a gate 
electrode such as I^Ch-SnOa (ITO), SnC>2, AI or Cr; 6 denotes a protective insulating 
film; 7 denotes a through hole; 8 denote, a source electrode such as Al or Cr; and 9 
denotes a drain electrode such as Al or Cr. In addition, in the case of using this TFT 
for a display element, a display pixel electrode such as ITO, SnC>2, Al or Cr may be 
provided, and connected to the drain electrode. 

In the present invention, the through hole portion 7 in the source electrode 8 and 
the drain electrode 9 passes through a two-layer insulating film where the protective 
insulating film 6 as a second insulating film is stacked over the gate insulating film 4 as 
a first insulating film, so that both electrode are conductively connected to the 
impurity-doped semiconductor film 3 which is provided thereunder as shown in Fig. 1. 
The two-layer insulating film is formed to have edge faces to be inclined planes in the 
inside surface of this through hole. 

Consequently, the source electrode 8 and the drain electrode 9 are inclined along 
the edge face of the gate insulating film 4 and the protective insulating film 6 in the 
through hole 7 and conductively connected to the impurity-doped semiconductor film 3, 
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so that the risk of disconnection at the through hole is reduced. 

That is, the disconnection is not easily caused at the through hole even if a film 
thickness of the source electrode and the drain electrode is not thicker than a total film 
thickness of the gate insulating film and the protective insulating film. 

Moreover, in the case of forming a film such as a shielding film further thereover, 
a larger step is not caused, so that short circuit is not easily caused between the 
shielding film and electrodes. 

Even when the edge faces of one insulating film in the two-layer insulating film 
are inclined planes, the effect of the present invention for preventing the disconnection 
is obtained, although which is inferior to the case that the edge faces of both insulating 
films are inclined planes. 

It is the most preferable that the edge faces of all of the insulating films in the 
through hole are inclined planes in view of preventing disconnection as is in the 
example of Fig, 1, 

In this example, since the insulating film is a two-layer insulating film, the edge 
faces of the gate insulating film and the protective insulating film are inclined planes in 
the through hole, however, the same can be applied to the case where the insulating film 
has three layers or more. 

The disconnection is caused less easily with an angle of this inclined plane being 
more inclined from vertical. In particular, it is preferable that this inclined plane be 
gentler than 45°. 

In the case where materials of such two-layer insulating films are the same, since 
an inclination of an edge face of a lower film is almost the same as an edge face of an 
upper film, this two-layer insulating film is formed to have a continuous inclined plane, 
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therefore, a problem does not arise particularly. However, in the case where materials 
of these films are different, the disconnection is further less easily caused when an 
inclination of an edge face of a lower film is equivalent to or gentler than that of an 
upper film. In particular, it is preferable that a bottom edge of an inclined plane in an 
edge face of the upper side film, namely the protective insulating film in this example, 
is connected to an upper edge of an inclined plane in an edge face of the down side film, 
namely the gate insulating film in this example. 

In the case where this TFT is used in an active matrix substrate for a display 
device, it is preferable that silicon be used as a semiconductor, and more particularly, it 
is preferable that amorphous silicon or poly-crystalline silicon be used. In this case, it 
is preferable that a protective insulating film be a silicon oxynitride film since favorable 
insulation can be obtained and an inclined plane is formed easily. 

The edge face of the insulating film in the through hole of the present invention is 
formed to be an inclined plane easily by etching utilizing the difference in etching rate 
of the films. 

That is, the edge faces of the protective insulating film and the gate insulating 
film are made to be inclined planes such as the through hole 7 of Fig. 1 by patterning a 
resist into a desirable pattern to leave the two-layer insulating film and etching the 
through hole portion. It is preferable that the inclination of this inclined plane be 
approximately from 1 : 1 to 1 : 10. 

As mentioned above, when a TFT formed in such a manner is used for a display 
device, an active matrix substrate and a counter electrode substrate are formed with an 
electro-optical medium such as liquid crystal or an electrochromic material interposed 
therebetween, so that display is performed. 
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In the case of a use as a display device, various applications are possible in 
addition to these examples, and color display can be performed by providing color 
filters. The color filters can be provided on the substrate side where a TFT is formed, 
or on the counter electrode substrate side. Besides, it can be formed over or under an 
electrode, and it is possible to employ known color filter forming methods such as a 
printing method, a vapor deposition method or a dyeing method. 

A shape of a pixel electrode is a square shape in the aforementioned example, 
however, it can be a rectangle, a hexagon, a triangle, a circle or the like, and a size or a 
shape of a display pixel electrode may be changed in accordance with display colors. 

Besides, an aligning film for aligning liquid crystals in a particular direction, a 
reflecting electrode, a polarizing film, a ferroelectric film and the like may be stacked, a 
two-color pigment and the like may be doped into the liquid crystal, and an active 
element for a driver circuit can be formed, a driver circuit IC may be attached or the 
like on the periphery. 

Moreover, one TFT is enough for one pixel, however, a plurality of TFTs may be 
formed in parallel in order to increase redundancy, or a plurality of active elements may 
be formed in series in order to increase a driving current value. Furthermore, an 
auxiliary wire of a gate electrode or a source electrode may be formed or the like in 
order to increase redundancy. 

Besides, another constitution which is used for a TFT may be added within a 
range that the effect of the present invention is not damaged. 

[Embodiment] 

A TFT having a structure of Fig. 1 is manufactured according to a process shown 
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in Fig. 4. 

First, as shown in Fig. 4 (A), a polysilicon film is deposited with a thickness of 
100 nm over an insulating substrate 41 made of alkali free glass, and is patterned into a 
predetermined shape to be a semiconductor film 42. 

Next, as shown in Fig. 4 (B), silicon oxynitride is deposited with a thickness of 
150 nm by plasma CVD thereover to form a gate insulating film 44, and then Al is 
deposited with a thickness of 200 nm by evaporation and is patterned to form a gate 
electrode 45. 

Here, as shown in Fig. 4 (C), P ion is implanted to form an impurity-doped 
semiconductor film 43 except a portion of the semiconductor film under the gate 
electrode. 

Subsequently, as shown in Fig. 4 (D), silicon oxynitride is deposited with a 
thickness of 100 nm to form a protective insulating film 46. 

Next, as shown in Fig. 4 (E), a through hole 47 is made to be a tapered shape by 
dry etching using a method shown hereafter. 

A positive resist (OFPR-800 made by Tokyo Ohka Kogyo Co., Ltd.) is applied 
with a thickness of approximately 1.6 ftm over a SiON film as the protective insulating 
film 46 and is patterned into a predetermined shape. 

The SiON film is etched by dry etching by SF 6 gas of 7 SCCM and 0 2 gas of 60 
SCCM, at a pressure of 8 Pa, and at a power density of 0.15 w/cm 2 . A ratio of an 
etching rate of the SiON film to a resist film is approximately 1 : 5 at this time, and the 
tapered shape of the resist edge face is copied to edge faces of the protective insulating 
film 46 and the SiON film of the gate insulating film 44. Consequently, the edge faces 
of the protective insulating film 46 and the SiON film of the gate insulating film 44 are 
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made to be inclined planes having an inclination of approximately 1 : 5. 

Subsequently, Cr is evaporated with a thickness of 100 nm and patterned to form 
a source electrode and a drain electrode. 

A step in this through hole portion is 250 nm that is a total film thickness of the 
protective insulating film 46 and the gate insulating film 44. As compared with this 
step, though thicknesses of the source electrode and the drain electrode are 100 nm in 
this embodiment, disconnection is not recognized almost at all at the step of the through 
hole. 

[Embodiment 2] 

A display pixel electrode is added to the TFT of the Embodiment 1, furthermore, 
a polyimide film for controlling orientation is formed over the display pixel electrode 
and is rubbed so as not to be destroyed by static electricity, thereby an active matrix 
substrate is formed. 

Besides, a counter electrode substrate is formed by forming an ITO film over a 
glass substrate, adding color ink of each color to portions corresponding to each pixel 
by printing to form color filters, furthermore forming a polyimide film and rubbing it. 

A twist nematic type active matrix liquid crystal display device is manufactured 
by printing a sealing material on the periphery of this active matrix substrate, and ink 
for conductive connection between the substrates; pressing the active matrix substrate 
and the counter electrode substrate to be bonded as a cell; injecting liquid crystal 
therebetween; and providing a pair of polarizing films over both surfaces thereof. 

In the liquid crystal display device of this embodiment, a TFT defect does not 
easily occur by disconnection at the through hole portion, even when a vibration test or 
a heat cycle test is performed, and so has high reliability. 
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[Effects of the invention] 

According to the present invention, since an edge face of an insulating film at 
through hole portions of TFT is made to be an inclined plane, the step coverage of an 
electrode is favorable. Even when a thickness of the electrode is not extremely thick, 
the contact of the electrode is securely kept, so that the through hole disconnection is 
not easily caused, and consequently, the productivity is increased and the yield is 
improved. 

Furthermore, since disconnection which is caused later in use as well as at 
manufacture is reduced, the reliability of the TFT itself, furthermore, after completed as 
a display device, is increased. 

Furthermore, in the case of forming a shielding film thereover, a thickness of an 
insulating film and a shielding film is not required to be extremely thick, so that the 
productivity is favorable, and problems such as short circuit and disconnection are not 
easily caused. 

The present invention has the possibility of various applications within a range of 
that the effects of the present invention is not damaged. 

4. [Brief Description of the Drawings] 

Fig. 1 shows a cross section of a typical example of a thin film transistor of the present 
invention. 

Fig. 2 shows an equivalent circuit diagram of a typical example of this active matrix 
liquid crystal display device. 

Fig. 3 shows a cross section of the conventional example of a thin film transistor. 
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Figs. 4 (A) through (E) show cross sections showing a TFT manufacturing process of 
embodiment. 

insulating substrate: 1, 31, 41 
semiconductor film: 2, 32, 42 
impurity-doped semiconductor film: 3, 33, 43 
gate insulating film: 4, 34, 44 
gate electrode: 5, 35, 45 
protective insulating film: 6, 36, 46 
through hole: 7, 37, 47 
source electrode: 8, 38 
drain electrode: 9, 39 

Patent Attorney: Shigeo TOGAMURA and another 
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